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1. INTRODUCTION 

The Virtual Environment for Reactor Applications (VERA) [1] was developed under the Consortium for 

Advanced Simulation of Light Water Reactors (CASL).  The goal of this new code suite was to provide 

high-fidelity, whole-core simulation using pin-resolved physics.  Extensive steady-state validation of 

VERA has been performed for reactor cycle depletion simulations and other related simulations [2,3,4,5].  

Transient simulations were not a major component of the CASL work; reactivity insertion accidents 

(RIAs) received most of the focus [6,7].  However, there are other design basis accidents (DBA) which 

are of great importance for reactor design and licensing. 

 

Some of these accidents, such as a main steam line break (MSLB) or other similar loss of flow (LOF) 

accidents are much slower evolving than a RIA.  Much of the physics of interest in a RIA take place 

within a few seconds because the accident is largely neutronics-driven.  However, the thermal hydraulic 

(TH) effects, including the primary loop outside the reactor core (and its interaction with the secondary 

loop for PWRs), is of much greater importance for LOF accidents.  This means that the transients take 

several minutes to fully evolve, as opposed to a few seconds.  This milestone report documents 

improvements made to VERA to enable modeling of a wider variety of transients that are important to the 

development of accident-tolerant and high burnup fuels. 

 

There were two major requirements for VERA to be able to model slowly evolving transients described 

above.  First, systems-level feedback (primary loop outside the core, secondary loop and heat exchanger, 

pump) is required to obtain correct coolant conditions at the core inlet and correct system pressure over 

time.  VERA did not initially include any systems coupling, but this issue was addressed in NEAMS 

Milestone M3MS-21OR0701045 “Integration of Systems Response to VERA,” completed in June 2021 

and summarized in Section 2 of this report. 

 

The other major requirement was to address the long runtime of such a calculation.  Although VERA 

provides high-fidelity solutions that are significantly more detailed and accurate than many legacy 

methods, this fidelity comes with significantly increased computational expense.  Many high-performance 

computing (HPC) platforms have a maximum walltime for a single calculation.  For reactor cycle 

depletions and fast-running transients this is not an issue, but it is for long-running transients such as a 

MSLB or LOF.  To ensure that these calculations can be completed, it was necessary to implement a 

checkpoint system in VERA.  This checkpoint system can write all the current solver data to a binary file 

at any point in the transient simulation, then resume the calculation by reading that file.  This allows the 

transient calculation to be split up into multiple job submissions on an HPC platform, with each 

individual submission running for less than the maximum walltime.  Section 3 of this report provides 

additional details on the functionality of the checkpoint system as well as some results showing its use for 

transient calculations. 

 

The final improvement made to VERA as part of this milestone was to simplify the input.  As mentioned 

previously, the focus of VERA development under CASL was on steady-state simulation with some effort 

toward RIA simulations.  As such, the inputs that were added to describe transient simulations were 

specific to the needs at that time and not easily extended to other types of transients.  To resolve this, an 

extension to VERAIn [8] was developed that includes a new input block for transient calculations.  These 

updates greatly improve the flexibility of VERA for transient calculations and make it far less error prone.  

This is discussed in Section 4 of the report. 
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2. INTEGRATION OF SYSTEMS RESPONSE TO VERA 

In previous work, a preliminary coupling was set up between CTF [9] and the US Nuclear Regulatory 

Commission TRAC/RELAP Advanced Computational Engine (TRACE) system code [10]. The Extended 

Coupling Interface (ECI) offered by TRACE was used to perform the coupling. In a more recent NEAMS 

milestone, documented in Wysocki et al. [11], this coupling was improved by implementing a domain-

overlapping coupling approach, in which TRACE solves the core region as a coarse, 1D component, so 

that the entire flow loop is still solved by TRACE.  The core inlet boundary conditions are still passed to 

CTF and CTF will set the core pressure drop in TRACE by adjusting a valve opening.  In this way, a two-

way coupling is achieved; however, the approach has been shown to improve the numerical stability and 

performance of the initial capability that was developed in 2019.   
 

In addition to the improvement of the coupling, an initial restart capability was implemented into CTF for 

modeling of long-running transients and support was added for running parallel CTF models when 

coupled to TRACE.  A MSLB transient was run using the coupled CTF and TRACE capability to 

demonstrate the approach.  It is noted that a nodal meshing approach was used in CTF to limit the number 

of processors needed in the solution of the full core geometry.  This was done because it had been found 

that the runtime of the solution increases substantially when the number of processors used in the 

coupling increases beyond a certain threshold. 
 

It was found that simply initializing the ECI (and not calling any other TRACE coupling procedures) 

leads to the slowdown for certain core configurations.  Several pin-resolved cases were run on the 

Sawtooth HPC system to test this issue.  For these cases, one processor was used for each assembly in the 

CTF core model, meaning that as problem size grows, the number of processors per assemblies remains 

constant.  Note that only CTF is running in parallel when more than one processor is used.  Whether CTF 

is running in serial or parallel, the TRACE portion of the simulation is performed on the single root 

process only and is therefore running in serial.  All communication with TRACE is performed through the 

single root process of CTF.  All CTF data that must be communicated to TRACE is first reduced to the 

CTF root process, then sent to TRACE; for TRACE data communicated to CTF, the data are sent to the 

CTF root process then broadcast to the other processes.  The largest case that was able to be run was 

found to be 35 assemblies/processors.  A 44-assembly case resulted in the ECI not being able to 

communicate between TRACE and CTF.  A 48-assembly case was able to communicate but resulted in a 

severe increase in runtime. Although the 35-assembly case was able to complete in 375 seconds, the 48-

assembly case did not finish in the 3600 job walltime limit.  Note that all of these core configurations use 

only one node of the machine and similar behavior has been observed on a different HPC system.  

Because of this, the coupled simulation is currently limited to smaller core configurations, coarse meshing 

strategies, or smaller pin-resolved problems. 

 

3. IMPLEMENTATION OF TRANSIENT CHECKPOINT CAPABILITY 

3.1 CHECKPOINT DESCRIPTION 

The goal of the checkpoint file is to allow long running simulations to save their in-progress calculations 

and pick up where they left off in a second run.  Fast transients such as RIAs often do not need this 

capability, but slower transients such as MSLBs are often intractable to run for long enough in a single 

calculation when using high-fidelity core simulators such as VERA. 

To accomplish this, extensive modifications were made to MPACT [12,13] —which acts not only as the 

neutronics solver but also as the multiphysics driver for many VERA calculations—to allow it to generate 

a checkpoint file.  The goal of this checkpoint file is for each of the solvers to write all their current and 
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previous timestep solution data to an HDF5 file; this is done so that in a second calculation, reading this 

file is sufficient to resume the calculation without repeating any portion of the steady-state solve or the 

previously completed part of the transient solve. 

One major limitation that was decided at the outset was to require that the user use exactly the same input 

file when resuming the transient calculation, except for changing the checkpoint_write input to a 

checkpoint_read input.  This requirement should not be a burden on the user because realistic 

calculations generally do not try to change geometry, mesh, materials, or solver options in the middle of a 

transient calculation, but it greatly simplifies the size of the checkpoint file and the ease of implementing 

the capability.  This requirement implies that the user must also use the same parallel decomposition 

when reading the checkpoint.  Eventually some pieces of this requirement may be relaxed, but for now 

the benefits greatly outweigh the drawbacks. 

The data written to the checkpoint files includes the following: 

• Region-wise and group-wise scalar fluxes for the current and previous timestep, 
• Region-wise and group-wise adjoint fluxes, 

• Region-wise temperatures and densities, 

• State date such as power, flow, pressure, etc., and 

• Various internal solver data that is necessary to aid the calculations. 

Much other data, such as geometry and mesh data and isotopic distributions, do not need to be written to 

the checkpoint file because of the requirement described in the previous paragraph.  All these data can be 

reconstructed exactly during initialization using information in the input file.  This allows the code to 

assume that the data in the checkpoint file is of the correct shape, removing any need for reshaping and 

mapping data after reading the checkpoint file. 

 

A similar restart capability was implemented in CTF as documented in Wysocki et al. [11].  As noted in 

that document, there were small differences between the full transient and restarted transient test cases 

that were run when using the initial capability.  As part of this work, this feature was further developed by 

finding additional solution parameters that must be included in the checkpoint dataset.  After including 

the additional data, it was demonstrated that the solution is now exactly the same between the full 

transient and restarted transient for the restart test cases included in the CTF test matrix.  These changes 

were also found to be necessary to keep the coupled MPACT/CTF solution consistent between the full 

and restarted transient. 

3.2 CHECKPOINT VALIDATION 

To ensure that the new checkpoint capability is working correctly, a small test problem was used.  The 

problem is based on progression problem 4 of the VERA benchmark problems [2], which is a 3×3 

assembly problem with a control rod inserted in the center assembly.  Three primary changes are made to 

this problem to obtain what is termed the 4-mini problem: 

1. The assemblies are changed from 17×17 pins to 7×7 pins, and their height is reduced from 12 feet 

to about 8 feet; 

2. TH coupling is added; 

3. The problem is converted to a transient problem; the control rod is withdrawn from 0 steps to 40 

steps (out of 230 steps total) in 0.025 seconds, followed by 0.005 seconds of no additional 

movement. 

Although this is a simplified problem, it requires all the same code mechanics as a full-scale transient but 

can easily be run on small development clusters instead of requiring HPC platforms.  Thus, it serves as a 

useful initial demonstration of the checkpoint capability. 
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Since the checkpoint capability is not aimed at adding any new physics, the only requirement for 

validating it is that VERA generates the same solution when using the checkpoint file as when running 

the entire transient in a single calculation.  Thus, it is sufficient to simply run the full transient, and then 

run the transient again in two segments using the checkpoint file and compare the results to ensure 

sufficient accuracy. 

3.2.1 Checkpoint Validation with Simplified TH 

First, the 4-mini test problem was run using MPACT’s simplified TH.  This calculation is not as high 

fidelity as CTF and neglects many effects, but it gives a good approximation of the TH feedback effects.  

Additionally, it removes one possible source of discrepancy between the checkpoint and regular 

calculations by limiting the entire calculation to MPACT instead of other components of VERA. 

 

Initially, the checkpoint was set to occur immediately after the steady-state solve.  This can be seen at the 

end of the first portion of the calculation below. 

1.   00:24.13        14  1.1697581 5.551467E-09 5.693665E-08 
2.   00:24.13 Convergence criteria satisfied 
3.   00:24.13 Start Adjoint flux calculation... 
4.             Ad MG-CMFD    1  1.1697450 2.314173E-06 
5.             Ad MG-CMFD    2  1.1697559 1.573713E-07 
6.             Ad MG-CMFD    3  1.1697580 3.443995E-08 
7.             Ad MG-CMFD    4  1.1697581 8.544881E-09 
8.             Ad MG-CMFD    5  1.1697581 2.183960E-09 
9.             Ad MG-CMFD    6   100    1.1697581   5.619733E-10 
10.   00:24.61 Convergence criteria satisfied for Adjoint flux 
11.   00:24.66 Storing transient checkpoint data... 
12.   00:25.26 Checkpoint data storage complete.  Exiting... 
13.   00:25.27 Finished 

Upon reading in the checkpoint, the following is shown after processing input and initializing each of the 

solver objects. 

1.   00:12.94 Initializing Transient Solver... 
2.   00:13.08 Loading transient checkpoint data... 
3.   00:13.27 Calculating Macroscopic XS 
4.   00:13.42 Using TCP0 in All Regions... 
5.   00:13.44 @t= 0.00000E+00 power= 1.00000E+02 
6.             rho=$ 0.00000E+00 beta= 7.25130E-03 generationTime= 2.64604E-05 
7.   00:13.44    Solving transient t=5.000E-03... 

It can be seen in the second printout that the checkpoint file is loaded, a summary of the last timestep 

before the checkpoint is displayed (in this case, the steady-state solve at t=0.0), and then a message is 

given showing that the calculation is resuming at the next transient timestep. 

 

MPACT has a utility program called MPACTdiff.exe that is used for comparing code solutions to 

reference files as part of its automated testing script.  Applying this utility to the results of the 4-mini 

transient calculation results allows for confirming the correctness of the checkpoint file.  The full transient 

run was used as the reference case, and the checkpointed version associated with the above messages was 

used as the test case.  The results for selected datasets on the final timestep are shown below. 

1.   DATASET TEST pin_fuel_temp 
2.     Data type: 4-D ARRAY REAL(SDK) 
3.     Data shape: (4,28,7,7) 
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4.     % RMS   = 1.1095E-11, Tol. = 1.0000E+00 
5.     % Max.  = 2.9879E-11 at (4,3,7,7), Tol. = 2.0000E+00 
6.   DATASET TEST PASSED 
7.   DATASET TEST pin_mod_dens 
8.     Data type: 4-D ARRAY REAL(SDK) 
9.     Data shape: (4,28,7,7) 
10.     % RMS   = 3.5444E-15, Tol. = 1.0000E+00 
11.     % Max.  = 3.4312E-14 at (2,7,4,7), Tol. = 2.0000E+00 
12.   DATASET TEST PASSED 
13.   DATASET TEST pin_powers 
14.     Data type: 4-D ARRAY REAL(SDK) 
15.     Data shape: (4,28,7,7) 
16.     % RMS   = 3.1336E-09, Tol. = 1.0000E-01 
17.     % Max.  = 8.9533E-09 at (4,2,7,7), Tol. = 2.5000E-01 
18.   DATASET TEST PASSED 
19.   DATASET TEST power 
20.     Data type: REAL(SDK) 
21.     Gold    = 1.0000E+02 
22.     Comp.   = 1.0000E+02 
23.     Diff. = 2.4234E-12, Tol. = 1.0000E-01 
24.   DATASET TEST PASSED 
25.   

The maximum difference in 3D pin powers was less than 0.00000001% and the maximum difference in 

3D fuel temperatures, 3D coolant densities, and total core power were all even smaller.  Since this is the 

final timestep of the transient, these are the largest differences of any timestep.  This shows that the 

checkpoint file worked very well for this case.  It is not reasonable to expect closer agreement because of 

differences in the order of operations that contribute to round-off errors as well as mixed use of single- 

and double-precision variables. 

 

An additional test performed using 4-mini and STH is to perform the same comparison again, changing 

the checkpoint to occur at t=0.025 when the control rod reaches its maximum withdrawal position.  This 

results in the following messages when writing the checkpoint file. 

1.   00:32.59 Convergence criteria satisfied 
2.   00:32.59 @t= 2.50000E-02 power= 1.00000E+02   2 
3.             rho=$ 6.57740E-07 beta= 7.25130E-03 generationTime= 2.64604E-05 
4.   00:32.64 Storing transient checkpoint data... 
5.   00:33.30 Checkpoint data storage complete.  Exiting... 
6.   00:33.30 Finished 

And the corresponding messages are shown upon reading the file, again showing that the calculation 

picks up at the proper time. 

1.   00:12.91 Initializing Transient Solver... 
2.   00:13.05 Loading transient checkpoint data... 
3.   00:13.25 Calculating Macroscopic XS 
4.   00:13.39 Using TCP0 in All Regions... 
5.   00:13.40 @t= 2.50000E-02 power= 1.00000E+02 
6.             rho=$ 6.57740E-07 beta= 7.25130E-03 generationTime= 2.64604E-05 
7.   00:13.40    Solving transient t=3.000E-02...  

Running MPACTdiff.exe again using this version of the checkpoint file produces similar results to those 

produced the first time.  The maximum pin power difference is even smaller than before because only a 

single timestep is taken after reading the checkpoint file, resulting in no drift of the solution. 
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3.2.2 Checkpoint Validation with CTF Coupling 

Since VERA calculations should ultimately be run using CTF coupling to obtain a sufficiently accurate 

TH solution, the two checkpoint tests in the previous section were repeated in the same manner, the only 

difference being that the simplified TH model was replaced with CTF coupling.  For the first of the two 

tests, with the checkpoint occurring immediately after the steady-state solve, the following 

MPACTdiff.exe results are obtained. 

1.   DATASET TEST pin_fuel_temp 
2.     Data type: 4-D ARRAY REAL(SDK) 
3.     Data shape: (4,28,7,7) 
4.     % RMS   = 2.7743E-08, Tol. = 1.0000E+00 
5.     % Max.  = 1.4149E-07 at (3,13,7,7), Tol. = 2.0000E+00 
6.   DATASET TEST PASSED 
7.   DATASET TEST pin_mod_dens 
8.     Data type: 4-D ARRAY REAL(SDK) 
9.     Data shape: (4,28,7,7) 
10.     % RMS   = 8.5788E-07, Tol. = 1.0000E+00 
11.     % Max.  = 3.3351E-06 at (2,23,2,6), Tol. = 2.0000E+00 
12.   DATASET TEST PASSED 
13.   DATASET TEST pin_powers 
14.     Data type: 4-D ARRAY REAL(SDK) 
15.     Data shape: (4,28,7,7) 
16.     % RMS   = 1.0618E-06, Tol. = 1.0000E-01 
17.     % Max.  = 2.1895E-06 at (3,25,4,5), Tol. = 2.5000E-01 
18.   DATASET TEST PASSED 
19.   DATASET TEST power 
20.     Data type: REAL(SDK) 
21.     Gold    = 1.0000E+02 
22.     Comp.   = 1.0000E+02 
23.     Diff. = 3.5102E-08, Tol. = 1.0000E-01 
24.   DATASET TEST PASSED 

When performing the checkpoint at t=0.025 seconds, the results below are obtained. 

1.   DATASET TEST pin_fuel_temp 
2.     Data type: 4-D ARRAY REAL(SDK) 
3.     Data shape: (4,28,7,7) 
4.     % RMS   = 1.5101E-14, Tol. = 1.0000E+00 
5.     % Max.  = 8.1176E-14 at (3,10,7,4), Tol. = 2.0000E+00 
6.   DATASET TEST PASSED 
7.   DATASET TEST pin_mod_dens 
8.     Data type: 4-D ARRAY REAL(SDK) 
9.     Data shape: (4,28,7,7) 
10.     % RMS   = 3.4536E-12, Tol. = 1.0000E+00 
11.     % Max.  = 3.6246E-11 at (1,16,4,4), Tol. = 2.0000E+00 
12.   DATASET TEST PASSED 
13.   DATASET TEST pin_powers 
14.     Data type: 4-D ARRAY REAL(SDK) 
15.     Data shape: (4,28,7,7) 
16.     % RMS   = 1.3113E-12, Tol. = 1.0000E-01 
17.     % Max.  = 4.1620E-12 at (2,1,1,5), Tol. = 2.5000E-01 
18.   DATASET TEST PASSED 
19.   DATASET TEST power 
20.     Data type: REAL(SDK) 
21.     Gold    = 1.0000E+02 
22.     Comp.   = 1.0000E+02 
23.     Diff. = 2.8706E-14, Tol. = 1.0000E-01 
24.   DATASET TEST PASSED 
25.   
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In both cases, the results are sufficiently close for practical applications.  The differences are larger than 

those with simplified TH because the CTF calculation is significantly more complex.   Many different 

models must be set up, requiring many datasets to be written to the checkpoint file compared only to a 

couple of datasets required for the simplified TH calculation.  This allows more room for initialization to 

be done in a slightly different order for CTF when using the checkpoint file compared to without, causing 

some small solution drift.  However, the amount of solution drift shown here is far smaller than what 

would impact the accuracy of full-scale calculations, so the current implementation of the checkpoint file 

system is deemed acceptable. 

3.3 MSLB DEMONSTRATION 

For a full-scale demonstration of the checkpoint capability, a miniature version of VERA progression 

problem 7 [2], referred to as 7-mini, was modified to contain a transient calculation.  The transient used 

was a LOF accident.  The transient portions of the input can be found in APPENDIX B, whereas the 

remainder of the input simply defines the geometry from Godfrey [2].  This provides a demonstration of 

the capability on exactly the type of problem it is intended for.  The geometry and energy group changes 

to problem 7 to produce 7-mini were the same as those to problem 4 to produce 4-mini.  It was originally 

planned to use the full-sized problem 7, but system issues on HPC platforms prevented that.  7-mini was 

used as a surrogate because it uses all the same code features but can fit on smaller development clusters 

that did not have issues at the time these cases were run. 

 

The calculation is 10 s of transient.  This is shorter than the target application, but sufficient to 

demonstrate the checkpoint capability.  It was modified to write a checkpoint file after the steady-state 

solve and 2 s of transient and then to read the checkpoint file back in for the remaining 8 s of calculation.  

This was done on 4 nodes with 128 compute cores on the ROSS development cluster at Oak Ridge 

national laboratory.  As with the other demonstrations, a non-checkpoint version of the calculation was 

also run to validate the correctness of the checkpoint file. 

 

For each calculation, the steady-state portion of the solve took about 13.5 m to converge.  The transient 

portion of the calculation then took 1.25 hours for the first 2 seconds and about 4.25 hours for the 

remaining 8 seconds, which was read in from the checkpoint file.  Running the calculation all at once 

without using the checkpoint was only about 6 minutes faster than the checkpointed version, showing that 

minimal time is spent writing the checkpoint and reinitializing from it. 

 

The results compared well with running the full transient calculation in one attempt.  The core power 

drifted about 0.01% in the 8 seconds after the checkpoint.  The maximum difference in 3D power 

distribution was 0.007% and the maximum difference in 3D fuel temperature distribution was only 

0.025%.  While the solution drift is non-zero it is small enough not to have any significant impact on 

analysis.  Additional work may be possible to further reduce the differences when using the checkpoint 

file. 

 

The file size for the 7-mini checkpoint was about 6 GB.  For a full-scale checkpoint using VERA problem 

7, the total file size is estimated to be about 200 GB based on the increased size of the geometry and 

greater number of energy groups that must be stored.  This is quite large, but any computing system on 

which a code like VERA will run should have no problem handling several files of this size.  Since the 

file is only intended to persist long enough for the next stage of the transient to execute, there is no need 

for long term storage.  
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4. IMPROVEMENTS TO VERA TRANSIENT INPUT 

Because transient calculations were fairly limited in scope under the CASL program, only limited work 

was performed toward developing VERAIn options for transient calculations.  The work that was done 

was generally focused on RIAs such as a rod ejection, for which it was relatively straightforward to 

provide a simplified description of the transient.  Thus, the old input involved specifying one [STATE] 

block for each timestep when the rod was moving and then providing a list of timesteps in which the 

[STATE] block inputs did not change.  Furthermore, because of the RIA focus, the transient-specific 

inputs were all implemented in the [MPACT] block of VERAIn, which is the portion of the input that 

provides code-specific options to MPACT, the neutron transport component of VERA. 

 

The fact that the transient inputs were focused on RIA and MPACT has made it challenging to set up 

other types of transients, such as a MSLB or other LOF accidents.  To address this challenge, a new 

[TRANSIENT] block was developed in VERAIn.  This block focuses on providing high-level descriptions 

of the transient itself, without reference to specific codes, numerical methods, and so on.  The new input 

seeks to keep the same concision as the rest of VERAIn while providing a high degree of flexibility.   

 

It should be noted that although this is a significant overhaul of a portion of VERAIn, no change in 

functionality takes place in VERA.  The new input simply improves the usability and reduces the 

likelihood of making input errors.  It also should make it simpler to add new capabilities in the future 

compared to the old method of specifying a transient in the input. 

 

The following sections will describe deleted input options, modified input options, and new input options, 

then provide some sample input snippets to demonstrate how transient specifications look in the old and 

new versions of VERAIn. 

4.1 DELETED INPUT OPTIONS 

The following input options were deleted from the [MPACT] block: 

• perturb: this will be replaced by a new input option in the [TRANSIENT] block 

• timestep: this will be replaced by a new timestep input in the [TRANSIENT] block 

• prompt: this input caused an error if not provided, but had only one valid value 

• accel: transient calculations are slow and should always use acceleration; acceleration is also 

required to determine the adjoint flux at the start of the transient, so this input only had one valid 

value 

• summary_edits: summary edits will always be printed in some useful, concise way based on 

the edit_schedule input (see Section 4.3) instead of requiring the user to specify when to print 

these data 

 

The following input option was deleted from the [STATE] block: 

• bank_wd: this will be replaced by a new input option in the [TRANSIENT] block 

4.2 MODIFIED INPUT OPTIONS 

The following input options previously existed in the [STATE] block.  However, they are not state-

dependent and are transient-specific; therefore, they have been moved to the new [TRANSIENT] block: 

• scram_type 
• scram_lock 
• trip_time 
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• trip_power 

• trip_rate 
 

4.3 NEW INPUT OPTIONS 

The following input options will be added as part of the new [TRANSIENT] block: 

• transient_time <end_time> 
o Specifies how long the transient is run 

• timestep <dt_1> <time_1> <dt_2> <time_2> … <dt_n> <time_n> 
o Input is pairs of timestep size and the time until that timestep size is used 

o 0.0 is implied as the starting time, so <dt_1> is used between 0.0 and <time_1>, 

<dt_2> is used between <time_1> and <time_2>, etc. 

o At least one <dt>, <time> pair must be specified 

o The timesteps are effectively suggestions.  Some components of VERA may have 

adaptive timestepping that would override this input.  Additionally, timesteps will be split 

to align properly with physics perturbations, outputs, restart files, etc. 

• linear_ramp <state variable> <value_1> <time_1> <value_2> <time_2> … 
<value_n> <time_n> 

o The times must be in ascending order and must all be less than or equal to <end_time> 

o If the final <time> is less than <end_time>, then the final <value> is used for the 

<state variable> through the remainder of the calculation 

o More than one linear_ramp input may be used to perturb multiple state variables 

together 

o The variable will be linearly interpolated from the initial value to <value_1> between 

0.0 and <time_1>, interpolated from <value_1> to <value_2> between <time_1> 

and <time_2>, etc. 
o The state variables can be any of the following: 

▪ power 
▪ flow 
▪ bypass 
▪ tinlet 
▪ subcool 
▪ tfuel 
▪ modden 
▪ boron 
▪ pressure 
▪ kmul_beta 
▪ kmul_doppler 
▪ kmul_modtemp 
▪ kmul_crw 

• linear_rod_ramp <bank name> <position_1> <time_1> <position_2> <time_2> 
… <position_n> <time_n> 

o This input works the same as the linear_ramp input, but for moving control rods or 

blades 

o <bank_name> should be a valid value from the bank_map input in the [CORE] block 

o Linear interpolation will be performed on the rod positions using the same scheme as 

described in the linear_ramp input 
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• linear_map_ramp <map name> <map_1> <time_1> <map_2> <time_2> … <map_n> 
<time_n> 

o This input works the same as the linear_ramp input, but for inputs that require 2D 

assembly maps, such as blade_pos, void, tinlet_dist, pout_dist, flow_dist 

• edit_schedule <dt_1> <time_1> <dt_2> <time_2> … <dt_n> <time_n> 
o Specifies the timesteps to use for generating output edits; the meanings of the <dt> and 

<time> inputs are similar to previous inputs 

o The calculation timesteps from the timestep input will be split to ensure that output edits 

are generated exactly at the specified timesteps 

 

Additionally, the following new input will be added to the [STATE] block: 

• transient 
o This should only appear in the first [STATE] block.  Valid values are on or off. 

o This is a convenience input.  By putting transient off in the [STATE] block, a user can 

disable the transient portion of a calculation without removing the entire [TRANSIENT] 

block.  If the [TRANSIENT] block is present and this input is not specified, then it 

defaults to transient on. 

4.4 SAMPLE INPUT SNIPPETS 

4.4.1 Rod Ejection 

A recent project required the ejection of a control rod that was halfway inserted into the reactor.  The 

ejection speed was assumed to be constant, with the rod fully exiting the top of the reactor in 1 s.  The 

reactor conditions were hot full power at the initiation of the accident.  Because of the high reactivity 

insertion of the rod ejection, very small timesteps were required for VERA to remain stable.  The old 

transient input requires one [STATE] block for every timestep in which something is changing.  Thus, the 

rod ejection described here became very cumbersome, requiring 701 [STATE] blocks.  The old version of 

the input is included in APPENDIX A.  The new input, which is far more concise, is included below. 

1. [STATE] 
2.   include   ../state.inp 
3.   sym       qtr 
4.   power     100.0                         ! % 
5.   rodbank   1 226 
6.             2 226 
7.             3 226 
8.             4 226       ! steps withdrawn 
9.             X 113 
10.   feedback  on 
11.   xenon     equil 
12.   search boron 
13.   
14. [MPACT] 
15.   delayenergy true 
16.   transmethod theta 0.5 
17.   
18. [TRANSIENT] 
19.   transient_time 5.0 
20.   timestep 0.0025 0.5 
21.        0.001 1.0 
22.        0.0025 2.0 
23.        0.005 3.0 
24.        0.01 4.0 
25.        0.025 5.0 
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26.   linear_rod_ramp X 226 1.0 
27.   

4.4.2 Loss of Flow Accident 

A second example of the new input format is a LOF accident.  These types of accidents typically require 

specifying outlet pressure and inlet flow rate over time.  These functions are usually complicated, being 

the result of a separate systems code calculation.  This transient demonstrates that the new input can be 

used either to replicate exactly the behavior of the old input, or dramatically simplify it through very 

minor approximations.  The old input will be shown in APPENDIX B because of its length.   

4.4.2.1 LOF Exact New Input 

For this case, specifying the input exactly is still lengthy because of the complex shape of the pressure 

and flow functions required for the new input.  There are still improvements in how the data are organized 

in the input, and the new input makes it easier for a user to copy and paste a table of time and state 

variable data.  However, it does not significantly reduce the length of the input.  For this reason, this 

version is shown in APPENDIX C. 

4.4.2.2 LOF Approximate New Input 

Significant simplification of the LOF input can be obtained by breaking the pressure and flow functions 

into piecewise linear functions.  Figure 1 below shows the exact and piecewise linear forms of the flow 

and pressure.  Visual inspection shows very little distinction between the two. 

 

 
Figure 1. Comparisons of exact and piecewise linear versions of pressure and flow for LOF accident 
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1. [STATE] 
2.   tinlet 536.2 F 
3.   modden .72437 
4.   power 100.0 
5.   bypass 5.6 
6.   sym qtr 
7.   feedback on 
8.   thexp on 
9.   thexp_tmod 585 K 
10.   thexp_tclad 600 K 
11.   thexp_tfuel 900 K 
12.   search keff 
13.   boron 1632.340 
14.   rodbank  A 229 
15.            B 229 
16.            C 229 
17.            D 229 
18.           SA 229 
19.           SB 229 
20.   scram_type trip 181.77 2.825 
21.   scram_lock A B C D 
22.   trip_time 3.9 
23.   pressure 2250.00; flow 100.00 
24.   
25. [MPACT] 
26.   prompt true 
27.   accel true 
28.   transmethod theta 1.0 
29.   timestep 0.10 0.0001 9.90 
30.   perturb 0.0 9.90 0.1 stcg 1 1 2 
31.   
32. [TRANSIENT] 
33.   transient_time 10.0 
34.   timestep 0.1 10.0 
35.   linear_ramp pressure 2246.40 0.1 
36.           2250.00 0.2 
37.           2250.00 7.1 
38.           2248.65 7.2 
39.           2216.93 7.9 
40.           2212.43 8.4 
41.           2211.75 8.7 
42.           2210.40 8.8 
43.           2196.00 9.5 
44.           2189.48 10.0 
45.   linear_ramp flow 93.79 0.1 
46.           86.04 0.3 
47.           80.10 0.6 
48.           74.15 1.2 
49.           65.74 2.0 
50.           57.08 3.0 
51.           51.21 4.2 
52.           48.55 5.0 
53.           40.88 7.6 
54.           35.58 10.0 
55.   scram_type trip 181.77 2.825 
56.   scram_lock A B C D 
57.   trip_time 3.9 
58.   
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5. CONCLUSION AND FUTURE WORK 

Several tasks were completed to improve VERA for long running transients necessary to analyze and 

qualify advanced fuels.  First, a checkpoint file system was implemented as a means of dealing with 

VERA’S long runtimes.  This allows the transient to be broken up into multiple pieces.  Second, the 

transient input was updated to be much more user-friendly and flexible.  Additionally, integration of the 

systems code TRACE with VERA was performed in a previous milestone; the work was summarized 

here because it is relevant to the calculations in this report. 

The results with the checkpoint file demonstrate its effectiveness for a small test problem and a full-scale 

problem.  This demonstration showed that the checkpoint file contains sufficient information to resume 

the calculation with no significant solution drift.  For the TRACE coupling, issues were encountered 

when scaling up to large, parallel calculations.  Simply having the code initialized resulted in major 

slowdowns, even if it was not called during the calculation.  For this reason, the full-scale loss of flow 

calculation would be demonstrated only with the in-core VERA calculations. 

Several items should be addressed moving forward.  First, the TRACE issues must be resolved for it to be 

used for full-scale calculations.  Otherwise, significant slowdowns will occur that will make it more 

challenging for users to run calculations with TRACE coupling enabled.  Second, additional physics still 

need to be integrated into VERA.  The primary example of this for long-running transients is decay heat.  

A significant portion of the reactor’s heat is generated from decay heat, so even after the reactor shuts 

down, this heat is still being generated.  For RIA calculations, this can be neglected, but for flow-related 

transients that run for several minutes, it is important to capture this.  Finally, improving timestepping 

would make using VERA simpler.  Currently, the user must provide timestep sizes for each portion of the 

calculation.  It would be easier on the user if the timesteps could be dynamically calculated by the codes 

and modified based on the condition of the calculation. 
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APPENDIX A. OLD VERA INPUT FOR ROD EJECTION 

The following is the full [STATE] and [MPACT] blocks for the rod ejection mentioned in a previous 

section.  The rod is ejected at a constant speed over a period of 1 s, followed by 4 s of power and TH 

evolution (with no additional changes to any [STATE] variables).  Timestep sizes are 0.0025 from 0.0 to 

0.5 and 0.001 from 0.5 to 1.0, with one [STATE] block for each of those timesteps.  No [STATE] blocks 

are required for the timesteps from 1.0 to 5.0, which vary in size. 

1. [STATE] 
2.   include   ../state.inp 
3.   sym       qtr 
4.   power     100.0                         ! % 
5.   rodbank   1 226 
6.             2 226 
7.             3 226 
8.             4 226       ! steps withdrawn 
9.             X 113 
10.   feedback  on 
11.   xenon     equil 
12.   search boron 
13. [STATE] rodbank X 113.2825 
14. [STATE] rodbank X 113.565 
15. [STATE] rodbank X 113.8475 
16. [STATE] rodbank X 114.13 
17. [STATE] rodbank X 114.4125 
18. [STATE] rodbank X 114.695 
19. [STATE] rodbank X 114.9775 
20. [STATE] rodbank X 115.26 
21. [STATE] rodbank X 115.5425 
22. [STATE] rodbank X 115.825 
23. [STATE] rodbank X 116.1075 
24. [STATE] rodbank X 116.39 
25. [STATE] rodbank X 116.6725 
26. [STATE] rodbank X 116.955 
27. [STATE] rodbank X 117.2375 
28. [STATE] rodbank X 117.52 
29. [STATE] rodbank X 117.8025 
30. [STATE] rodbank X 118.085 
31. [STATE] rodbank X 118.3675 
32. [STATE] rodbank X 118.65 
33. [STATE] rodbank X 118.9325 
34. [STATE] rodbank X 119.215 
35. [STATE] rodbank X 119.4975 
36. [STATE] rodbank X 119.78 
37. [STATE] rodbank X 120.0625 
38. [STATE] rodbank X 120.345 
39. [STATE] rodbank X 120.6275 
40. [STATE] rodbank X 120.91 
41. [STATE] rodbank X 121.1925 
42. [STATE] rodbank X 121.475 
43. [STATE] rodbank X 121.7575 
44. [STATE] rodbank X 122.04 
45. [STATE] rodbank X 122.3225 
46. [STATE] rodbank X 122.605 
47. [STATE] rodbank X 122.8875 
48. [STATE] rodbank X 123.17 
49. [STATE] rodbank X 123.4525 
50. [STATE] rodbank X 123.735 
51. [STATE] rodbank X 124.0175 
52. [STATE] rodbank X 124.3 
53. [STATE] rodbank X 124.5825 
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54. [STATE] rodbank X 124.865 
55. [STATE] rodbank X 125.1475 
56. [STATE] rodbank X 125.43 
57. [STATE] rodbank X 125.7125 
58. [STATE] rodbank X 125.995 
59. [STATE] rodbank X 126.2775 
60. [STATE] rodbank X 126.56 
61. [STATE] rodbank X 126.8425 
62. [STATE] rodbank X 127.125 
63. [STATE] rodbank X 127.4075 
64. [STATE] rodbank X 127.69 
65. [STATE] rodbank X 127.9725 
66. [STATE] rodbank X 128.255 
67. [STATE] rodbank X 128.5375 
68. [STATE] rodbank X 128.82 
69. [STATE] rodbank X 129.1025 
70. [STATE] rodbank X 129.385 
71. [STATE] rodbank X 129.6675 
72. [STATE] rodbank X 129.95 
73. [STATE] rodbank X 130.2325 
74. [STATE] rodbank X 130.515 
75. [STATE] rodbank X 130.7975 
76. [STATE] rodbank X 131.08 
77. [STATE] rodbank X 131.3625 
78. [STATE] rodbank X 131.645 
79. [STATE] rodbank X 131.9275 
80. [STATE] rodbank X 132.21 
81. [STATE] rodbank X 132.4925 
82. [STATE] rodbank X 132.775 
83. [STATE] rodbank X 133.0575 
84. [STATE] rodbank X 133.34 
85. [STATE] rodbank X 133.6225 
86. [STATE] rodbank X 133.905 
87. [STATE] rodbank X 134.1875 
88. [STATE] rodbank X 134.47 
89. [STATE] rodbank X 134.7525 
90. [STATE] rodbank X 135.035 
91. [STATE] rodbank X 135.3175 
92. [STATE] rodbank X 135.6 
93. [STATE] rodbank X 135.8825 
94. [STATE] rodbank X 136.165 
95. [STATE] rodbank X 136.4475 
96. [STATE] rodbank X 136.73 
97. [STATE] rodbank X 137.0125 
98. [STATE] rodbank X 137.295 
99. [STATE] rodbank X 137.5775 
100. [STATE] rodbank X 137.86 
101. [STATE] rodbank X 138.1425 
102. [STATE] rodbank X 138.425 
103. [STATE] rodbank X 138.7075 
104. [STATE] rodbank X 138.99 
105. [STATE] rodbank X 139.2725 
106. [STATE] rodbank X 139.555 
107. [STATE] rodbank X 139.8375 
108. [STATE] rodbank X 140.12 
109. [STATE] rodbank X 140.4025 
110. [STATE] rodbank X 140.685 
111. [STATE] rodbank X 140.9675 
112. [STATE] rodbank X 141.25 
113. [STATE] rodbank X 141.5325 
114. [STATE] rodbank X 141.815 
115. [STATE] rodbank X 142.0975 
116. [STATE] rodbank X 142.38 
117. [STATE] rodbank X 142.6625 
118. [STATE] rodbank X 142.945 
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119. [STATE] rodbank X 143.2275 
120. [STATE] rodbank X 143.51 
121. [STATE] rodbank X 143.7925 
122. [STATE] rodbank X 144.075 
123. [STATE] rodbank X 144.3575 
124. [STATE] rodbank X 144.64 
125. [STATE] rodbank X 144.9225 
126. [STATE] rodbank X 145.205 
127. [STATE] rodbank X 145.4875 
128. [STATE] rodbank X 145.77 
129. [STATE] rodbank X 146.0525 
130. [STATE] rodbank X 146.335 
131. [STATE] rodbank X 146.6175 
132. [STATE] rodbank X 146.9 
133. [STATE] rodbank X 147.1825 
134. [STATE] rodbank X 147.465 
135. [STATE] rodbank X 147.7475 
136. [STATE] rodbank X 148.03 
137. [STATE] rodbank X 148.3125 
138. [STATE] rodbank X 148.595 
139. [STATE] rodbank X 148.8775 
140. [STATE] rodbank X 149.16 
141. [STATE] rodbank X 149.4425 
142. [STATE] rodbank X 149.725 
143. [STATE] rodbank X 150.0075 
144. [STATE] rodbank X 150.29 
145. [STATE] rodbank X 150.5725 
146. [STATE] rodbank X 150.855 
147. [STATE] rodbank X 151.1375 
148. [STATE] rodbank X 151.42 
149. [STATE] rodbank X 151.7025 
150. [STATE] rodbank X 151.985 
151. [STATE] rodbank X 152.2675 
152. [STATE] rodbank X 152.55 
153. [STATE] rodbank X 152.8325 
154. [STATE] rodbank X 153.115 
155. [STATE] rodbank X 153.3975 
156. [STATE] rodbank X 153.68 
157. [STATE] rodbank X 153.9625 
158. [STATE] rodbank X 154.245 
159. [STATE] rodbank X 154.5275 
160. [STATE] rodbank X 154.81 
161. [STATE] rodbank X 155.0925 
162. [STATE] rodbank X 155.375 
163. [STATE] rodbank X 155.6575 
164. [STATE] rodbank X 155.94 
165. [STATE] rodbank X 156.2225 
166. [STATE] rodbank X 156.505 
167. [STATE] rodbank X 156.7875 
168. [STATE] rodbank X 157.07 
169. [STATE] rodbank X 157.3525 
170. [STATE] rodbank X 157.635 
171. [STATE] rodbank X 157.9175 
172. [STATE] rodbank X 158.2 
173. [STATE] rodbank X 158.4825 
174. [STATE] rodbank X 158.765 
175. [STATE] rodbank X 159.0475 
176. [STATE] rodbank X 159.33 
177. [STATE] rodbank X 159.6125 
178. [STATE] rodbank X 159.895 
179. [STATE] rodbank X 160.1775 
180. [STATE] rodbank X 160.46 
181. [STATE] rodbank X 160.7425 
182. [STATE] rodbank X 161.025 
183. [STATE] rodbank X 161.3075 
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184. [STATE] rodbank X 161.59 
185. [STATE] rodbank X 161.8725 
186. [STATE] rodbank X 162.155 
187. [STATE] rodbank X 162.4375 
188. [STATE] rodbank X 162.72 
189. [STATE] rodbank X 163.0025 
190. [STATE] rodbank X 163.285 
191. [STATE] rodbank X 163.5675 
192. [STATE] rodbank X 163.85 
193. [STATE] rodbank X 164.1325 
194. [STATE] rodbank X 164.415 
195. [STATE] rodbank X 164.6975 
196. [STATE] rodbank X 164.98 
197. [STATE] rodbank X 165.2625 
198. [STATE] rodbank X 165.545 
199. [STATE] rodbank X 165.8275 
200. [STATE] rodbank X 166.11 
201. [STATE] rodbank X 166.3925 
202. [STATE] rodbank X 166.675 
203. [STATE] rodbank X 166.9575 
204. [STATE] rodbank X 167.24 
205. [STATE] rodbank X 167.5225 
206. [STATE] rodbank X 167.805 
207. [STATE] rodbank X 168.0875 
208. [STATE] rodbank X 168.37 
209. [STATE] rodbank X 168.6525 
210. [STATE] rodbank X 168.935 
211. [STATE] rodbank X 169.2175 
212. [STATE] rodbank X 169.5 
213. [STATE] rodbank X 169.613 
214. [STATE] rodbank X 169.726 
215. [STATE] rodbank X 169.839 
216. [STATE] rodbank X 169.952 
217. [STATE] rodbank X 170.065 
218. [STATE] rodbank X 170.178 
219. [STATE] rodbank X 170.291 
220. [STATE] rodbank X 170.404 
221. [STATE] rodbank X 170.517 
222. [STATE] rodbank X 170.63 
223. [STATE] rodbank X 170.743 
224. [STATE] rodbank X 170.856 
225. [STATE] rodbank X 170.969 
226. [STATE] rodbank X 171.082 
227. [STATE] rodbank X 171.195 
228. [STATE] rodbank X 171.308 
229. [STATE] rodbank X 171.421 
230. [STATE] rodbank X 171.534 
231. [STATE] rodbank X 171.647 
232. [STATE] rodbank X 171.76 
233. [STATE] rodbank X 171.873 
234. [STATE] rodbank X 171.986 
235. [STATE] rodbank X 172.099 
236. [STATE] rodbank X 172.212 
237. [STATE] rodbank X 172.325 
238. [STATE] rodbank X 172.438 
239. [STATE] rodbank X 172.551 
240. [STATE] rodbank X 172.664 
241. [STATE] rodbank X 172.777 
242. [STATE] rodbank X 172.89 
243. [STATE] rodbank X 173.003 
244. [STATE] rodbank X 173.116 
245. [STATE] rodbank X 173.229 
246. [STATE] rodbank X 173.342 
247. [STATE] rodbank X 173.455 
248. [STATE] rodbank X 173.568 
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249. [STATE] rodbank X 173.681 
250. [STATE] rodbank X 173.794 
251. [STATE] rodbank X 173.907 
252. [STATE] rodbank X 174.02 
253. [STATE] rodbank X 174.133 
254. [STATE] rodbank X 174.246 
255. [STATE] rodbank X 174.359 
256. [STATE] rodbank X 174.472 
257. [STATE] rodbank X 174.585 
258. [STATE] rodbank X 174.698 
259. [STATE] rodbank X 174.811 
260. [STATE] rodbank X 174.924 
261. [STATE] rodbank X 175.037 
262. [STATE] rodbank X 175.15 
263. [STATE] rodbank X 175.263 
264. [STATE] rodbank X 175.376 
265. [STATE] rodbank X 175.489 
266. [STATE] rodbank X 175.602 
267. [STATE] rodbank X 175.715 
268. [STATE] rodbank X 175.828 
269. [STATE] rodbank X 175.941 
270. [STATE] rodbank X 176.054 
271. [STATE] rodbank X 176.167 
272. [STATE] rodbank X 176.28 
273. [STATE] rodbank X 176.393 
274. [STATE] rodbank X 176.506 
275. [STATE] rodbank X 176.619 
276. [STATE] rodbank X 176.732 
277. [STATE] rodbank X 176.845 
278. [STATE] rodbank X 176.958 
279. [STATE] rodbank X 177.071 
280. [STATE] rodbank X 177.184 
281. [STATE] rodbank X 177.297 
282. [STATE] rodbank X 177.41 
283. [STATE] rodbank X 177.523 
284. [STATE] rodbank X 177.636 
285. [STATE] rodbank X 177.749 
286. [STATE] rodbank X 177.862 
287. [STATE] rodbank X 177.975 
288. [STATE] rodbank X 178.088 
289. [STATE] rodbank X 178.201 
290. [STATE] rodbank X 178.314 
291. [STATE] rodbank X 178.427 
292. [STATE] rodbank X 178.54 
293. [STATE] rodbank X 178.653 
294. [STATE] rodbank X 178.766 
295. [STATE] rodbank X 178.879 
296. [STATE] rodbank X 178.992 
297. [STATE] rodbank X 179.105 
298. [STATE] rodbank X 179.218 
299. [STATE] rodbank X 179.331 
300. [STATE] rodbank X 179.444 
301. [STATE] rodbank X 179.557 
302. [STATE] rodbank X 179.67 
303. [STATE] rodbank X 179.783 
304. [STATE] rodbank X 179.896 
305. [STATE] rodbank X 180.009 
306. [STATE] rodbank X 180.122 
307. [STATE] rodbank X 180.235 
308. [STATE] rodbank X 180.348 
309. [STATE] rodbank X 180.461 
310. [STATE] rodbank X 180.574 
311. [STATE] rodbank X 180.687 
312. [STATE] rodbank X 180.8 
313. [STATE] rodbank X 180.913 
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314. [STATE] rodbank X 181.026 
315. [STATE] rodbank X 181.139 
316. [STATE] rodbank X 181.252 
317. [STATE] rodbank X 181.365 
318. [STATE] rodbank X 181.478 
319. [STATE] rodbank X 181.591 
320. [STATE] rodbank X 181.704 
321. [STATE] rodbank X 181.817 
322. [STATE] rodbank X 181.93 
323. [STATE] rodbank X 182.043 
324. [STATE] rodbank X 182.156 
325. [STATE] rodbank X 182.269 
326. [STATE] rodbank X 182.382 
327. [STATE] rodbank X 182.495 
328. [STATE] rodbank X 182.608 
329. [STATE] rodbank X 182.721 
330. [STATE] rodbank X 182.834 
331. [STATE] rodbank X 182.947 
332. [STATE] rodbank X 183.06 
333. [STATE] rodbank X 183.173 
334. [STATE] rodbank X 183.286 
335. [STATE] rodbank X 183.399 
336. [STATE] rodbank X 183.512 
337. [STATE] rodbank X 183.625 
338. [STATE] rodbank X 183.738 
339. [STATE] rodbank X 183.851 
340. [STATE] rodbank X 183.964 
341. [STATE] rodbank X 184.077 
342. [STATE] rodbank X 184.19 
343. [STATE] rodbank X 184.303 
344. [STATE] rodbank X 184.416 
345. [STATE] rodbank X 184.529 
346. [STATE] rodbank X 184.642 
347. [STATE] rodbank X 184.755 
348. [STATE] rodbank X 184.868 
349. [STATE] rodbank X 184.981 
350. [STATE] rodbank X 185.094 
351. [STATE] rodbank X 185.207 
352. [STATE] rodbank X 185.32 
353. [STATE] rodbank X 185.433 
354. [STATE] rodbank X 185.546 
355. [STATE] rodbank X 185.659 
356. [STATE] rodbank X 185.772 
357. [STATE] rodbank X 185.885 
358. [STATE] rodbank X 185.998 
359. [STATE] rodbank X 186.111 
360. [STATE] rodbank X 186.224 
361. [STATE] rodbank X 186.337 
362. [STATE] rodbank X 186.45 
363. [STATE] rodbank X 186.563 
364. [STATE] rodbank X 186.676 
365. [STATE] rodbank X 186.789 
366. [STATE] rodbank X 186.902 
367. [STATE] rodbank X 187.015 
368. [STATE] rodbank X 187.128 
369. [STATE] rodbank X 187.241 
370. [STATE] rodbank X 187.354 
371. [STATE] rodbank X 187.467 
372. [STATE] rodbank X 187.58 
373. [STATE] rodbank X 187.693 
374. [STATE] rodbank X 187.806 
375. [STATE] rodbank X 187.919 
376. [STATE] rodbank X 188.032 
377. [STATE] rodbank X 188.145 
378. [STATE] rodbank X 188.258 
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379. [STATE] rodbank X 188.371 
380. [STATE] rodbank X 188.484 
381. [STATE] rodbank X 188.597 
382. [STATE] rodbank X 188.71 
383. [STATE] rodbank X 188.823 
384. [STATE] rodbank X 188.936 
385. [STATE] rodbank X 189.049 
386. [STATE] rodbank X 189.162 
387. [STATE] rodbank X 189.275 
388. [STATE] rodbank X 189.388 
389. [STATE] rodbank X 189.501 
390. [STATE] rodbank X 189.614 
391. [STATE] rodbank X 189.727 
392. [STATE] rodbank X 189.84 
393. [STATE] rodbank X 189.953 
394. [STATE] rodbank X 190.066 
395. [STATE] rodbank X 190.179 
396. [STATE] rodbank X 190.292 
397. [STATE] rodbank X 190.405 
398. [STATE] rodbank X 190.518 
399. [STATE] rodbank X 190.631 
400. [STATE] rodbank X 190.744 
401. [STATE] rodbank X 190.857 
402. [STATE] rodbank X 190.97 
403. [STATE] rodbank X 191.083 
404. [STATE] rodbank X 191.196 
405. [STATE] rodbank X 191.309 
406. [STATE] rodbank X 191.422 
407. [STATE] rodbank X 191.535 
408. [STATE] rodbank X 191.648 
409. [STATE] rodbank X 191.761 
410. [STATE] rodbank X 191.874 
411. [STATE] rodbank X 191.987 
412. [STATE] rodbank X 192.1 
413. [STATE] rodbank X 192.213 
414. [STATE] rodbank X 192.326 
415. [STATE] rodbank X 192.439 
416. [STATE] rodbank X 192.552 
417. [STATE] rodbank X 192.665 
418. [STATE] rodbank X 192.778 
419. [STATE] rodbank X 192.891 
420. [STATE] rodbank X 193.004 
421. [STATE] rodbank X 193.117 
422. [STATE] rodbank X 193.23 
423. [STATE] rodbank X 193.343 
424. [STATE] rodbank X 193.456 
425. [STATE] rodbank X 193.569 
426. [STATE] rodbank X 193.682 
427. [STATE] rodbank X 193.795 
428. [STATE] rodbank X 193.908 
429. [STATE] rodbank X 194.021 
430. [STATE] rodbank X 194.134 
431. [STATE] rodbank X 194.247 
432. [STATE] rodbank X 194.36 
433. [STATE] rodbank X 194.473 
434. [STATE] rodbank X 194.586 
435. [STATE] rodbank X 194.699 
436. [STATE] rodbank X 194.812 
437. [STATE] rodbank X 194.925 
438. [STATE] rodbank X 195.038 
439. [STATE] rodbank X 195.151 
440. [STATE] rodbank X 195.264 
441. [STATE] rodbank X 195.377 
442. [STATE] rodbank X 195.49 
443. [STATE] rodbank X 195.603 
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444. [STATE] rodbank X 195.716 
445. [STATE] rodbank X 195.829 
446. [STATE] rodbank X 195.942 
447. [STATE] rodbank X 196.055 
448. [STATE] rodbank X 196.168 
449. [STATE] rodbank X 196.281 
450. [STATE] rodbank X 196.394 
451. [STATE] rodbank X 196.507 
452. [STATE] rodbank X 196.62 
453. [STATE] rodbank X 196.733 
454. [STATE] rodbank X 196.846 
455. [STATE] rodbank X 196.959 
456. [STATE] rodbank X 197.072 
457. [STATE] rodbank X 197.185 
458. [STATE] rodbank X 197.298 
459. [STATE] rodbank X 197.411 
460. [STATE] rodbank X 197.524 
461. [STATE] rodbank X 197.637 
462. [STATE] rodbank X 197.75 
463. [STATE] rodbank X 197.863 
464. [STATE] rodbank X 197.976 
465. [STATE] rodbank X 198.089 
466. [STATE] rodbank X 198.202 
467. [STATE] rodbank X 198.315 
468. [STATE] rodbank X 198.428 
469. [STATE] rodbank X 198.541 
470. [STATE] rodbank X 198.654 
471. [STATE] rodbank X 198.767 
472. [STATE] rodbank X 198.88 
473. [STATE] rodbank X 198.993 
474. [STATE] rodbank X 199.106 
475. [STATE] rodbank X 199.219 
476. [STATE] rodbank X 199.332 
477. [STATE] rodbank X 199.445 
478. [STATE] rodbank X 199.558 
479. [STATE] rodbank X 199.671 
480. [STATE] rodbank X 199.784 
481. [STATE] rodbank X 199.897 
482. [STATE] rodbank X 200.01 
483. [STATE] rodbank X 200.123 
484. [STATE] rodbank X 200.236 
485. [STATE] rodbank X 200.349 
486. [STATE] rodbank X 200.462 
487. [STATE] rodbank X 200.575 
488. [STATE] rodbank X 200.688 
489. [STATE] rodbank X 200.801 
490. [STATE] rodbank X 200.914 
491. [STATE] rodbank X 201.027 
492. [STATE] rodbank X 201.14 
493. [STATE] rodbank X 201.253 
494. [STATE] rodbank X 201.366 
495. [STATE] rodbank X 201.479 
496. [STATE] rodbank X 201.592 
497. [STATE] rodbank X 201.705 
498. [STATE] rodbank X 201.818 
499. [STATE] rodbank X 201.931 
500. [STATE] rodbank X 202.044 
501. [STATE] rodbank X 202.157 
502. [STATE] rodbank X 202.27 
503. [STATE] rodbank X 202.383 
504. [STATE] rodbank X 202.496 
505. [STATE] rodbank X 202.609 
506. [STATE] rodbank X 202.722 
507. [STATE] rodbank X 202.835 
508. [STATE] rodbank X 202.948 
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509. [STATE] rodbank X 203.061 
510. [STATE] rodbank X 203.174 
511. [STATE] rodbank X 203.287 
512. [STATE] rodbank X 203.4 
513. [STATE] rodbank X 203.513 
514. [STATE] rodbank X 203.626 
515. [STATE] rodbank X 203.739 
516. [STATE] rodbank X 203.852 
517. [STATE] rodbank X 203.965 
518. [STATE] rodbank X 204.078 
519. [STATE] rodbank X 204.191 
520. [STATE] rodbank X 204.304 
521. [STATE] rodbank X 204.417 
522. [STATE] rodbank X 204.53 
523. [STATE] rodbank X 204.643 
524. [STATE] rodbank X 204.756 
525. [STATE] rodbank X 204.869 
526. [STATE] rodbank X 204.982 
527. [STATE] rodbank X 205.095 
528. [STATE] rodbank X 205.208 
529. [STATE] rodbank X 205.321 
530. [STATE] rodbank X 205.434 
531. [STATE] rodbank X 205.547 
532. [STATE] rodbank X 205.66 
533. [STATE] rodbank X 205.773 
534. [STATE] rodbank X 205.886 
535. [STATE] rodbank X 205.999 
536. [STATE] rodbank X 206.112 
537. [STATE] rodbank X 206.225 
538. [STATE] rodbank X 206.338 
539. [STATE] rodbank X 206.451 
540. [STATE] rodbank X 206.564 
541. [STATE] rodbank X 206.677 
542. [STATE] rodbank X 206.79 
543. [STATE] rodbank X 206.903 
544. [STATE] rodbank X 207.016 
545. [STATE] rodbank X 207.129 
546. [STATE] rodbank X 207.242 
547. [STATE] rodbank X 207.355 
548. [STATE] rodbank X 207.468 
549. [STATE] rodbank X 207.581 
550. [STATE] rodbank X 207.694 
551. [STATE] rodbank X 207.807 
552. [STATE] rodbank X 207.92 
553. [STATE] rodbank X 208.033 
554. [STATE] rodbank X 208.146 
555. [STATE] rodbank X 208.259 
556. [STATE] rodbank X 208.372 
557. [STATE] rodbank X 208.485 
558. [STATE] rodbank X 208.598 
559. [STATE] rodbank X 208.711 
560. [STATE] rodbank X 208.824 
561. [STATE] rodbank X 208.937 
562. [STATE] rodbank X 209.05 
563. [STATE] rodbank X 209.163 
564. [STATE] rodbank X 209.276 
565. [STATE] rodbank X 209.389 
566. [STATE] rodbank X 209.502 
567. [STATE] rodbank X 209.615 
568. [STATE] rodbank X 209.728 
569. [STATE] rodbank X 209.841 
570. [STATE] rodbank X 209.954 
571. [STATE] rodbank X 210.067 
572. [STATE] rodbank X 210.18 
573. [STATE] rodbank X 210.293 
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574. [STATE] rodbank X 210.406 
575. [STATE] rodbank X 210.519 
576. [STATE] rodbank X 210.632 
577. [STATE] rodbank X 210.745 
578. [STATE] rodbank X 210.858 
579. [STATE] rodbank X 210.971 
580. [STATE] rodbank X 211.084 
581. [STATE] rodbank X 211.197 
582. [STATE] rodbank X 211.31 
583. [STATE] rodbank X 211.423 
584. [STATE] rodbank X 211.536 
585. [STATE] rodbank X 211.649 
586. [STATE] rodbank X 211.762 
587. [STATE] rodbank X 211.875 
588. [STATE] rodbank X 211.988 
589. [STATE] rodbank X 212.101 
590. [STATE] rodbank X 212.214 
591. [STATE] rodbank X 212.327 
592. [STATE] rodbank X 212.44 
593. [STATE] rodbank X 212.553 
594. [STATE] rodbank X 212.666 
595. [STATE] rodbank X 212.779 
596. [STATE] rodbank X 212.892 
597. [STATE] rodbank X 213.005 
598. [STATE] rodbank X 213.118 
599. [STATE] rodbank X 213.231 
600. [STATE] rodbank X 213.344 
601. [STATE] rodbank X 213.457 
602. [STATE] rodbank X 213.57 
603. [STATE] rodbank X 213.683 
604. [STATE] rodbank X 213.796 
605. [STATE] rodbank X 213.909 
606. [STATE] rodbank X 214.022 
607. [STATE] rodbank X 214.135 
608. [STATE] rodbank X 214.248 
609. [STATE] rodbank X 214.361 
610. [STATE] rodbank X 214.474 
611. [STATE] rodbank X 214.587 
612. [STATE] rodbank X 214.7 
613. [STATE] rodbank X 214.813 
614. [STATE] rodbank X 214.926 
615. [STATE] rodbank X 215.039 
616. [STATE] rodbank X 215.152 
617. [STATE] rodbank X 215.265 
618. [STATE] rodbank X 215.378 
619. [STATE] rodbank X 215.491 
620. [STATE] rodbank X 215.604 
621. [STATE] rodbank X 215.717 
622. [STATE] rodbank X 215.83 
623. [STATE] rodbank X 215.943 
624. [STATE] rodbank X 216.056 
625. [STATE] rodbank X 216.169 
626. [STATE] rodbank X 216.282 
627. [STATE] rodbank X 216.395 
628. [STATE] rodbank X 216.508 
629. [STATE] rodbank X 216.621 
630. [STATE] rodbank X 216.734 
631. [STATE] rodbank X 216.847 
632. [STATE] rodbank X 216.96 
633. [STATE] rodbank X 217.073 
634. [STATE] rodbank X 217.186 
635. [STATE] rodbank X 217.299 
636. [STATE] rodbank X 217.412 
637. [STATE] rodbank X 217.525 
638. [STATE] rodbank X 217.638 
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639. [STATE] rodbank X 217.751 
640. [STATE] rodbank X 217.864 
641. [STATE] rodbank X 217.977 
642. [STATE] rodbank X 218.09 
643. [STATE] rodbank X 218.203 
644. [STATE] rodbank X 218.316 
645. [STATE] rodbank X 218.429 
646. [STATE] rodbank X 218.542 
647. [STATE] rodbank X 218.655 
648. [STATE] rodbank X 218.768 
649. [STATE] rodbank X 218.881 
650. [STATE] rodbank X 218.994 
651. [STATE] rodbank X 219.107 
652. [STATE] rodbank X 219.22 
653. [STATE] rodbank X 219.333 
654. [STATE] rodbank X 219.446 
655. [STATE] rodbank X 219.559 
656. [STATE] rodbank X 219.672 
657. [STATE] rodbank X 219.785 
658. [STATE] rodbank X 219.898 
659. [STATE] rodbank X 220.011 
660. [STATE] rodbank X 220.124 
661. [STATE] rodbank X 220.237 
662. [STATE] rodbank X 220.35 
663. [STATE] rodbank X 220.463 
664. [STATE] rodbank X 220.576 
665. [STATE] rodbank X 220.689 
666. [STATE] rodbank X 220.802 
667. [STATE] rodbank X 220.915 
668. [STATE] rodbank X 221.028 
669. [STATE] rodbank X 221.141 
670. [STATE] rodbank X 221.254 
671. [STATE] rodbank X 221.367 
672. [STATE] rodbank X 221.48 
673. [STATE] rodbank X 221.593 
674. [STATE] rodbank X 221.706 
675. [STATE] rodbank X 221.819 
676. [STATE] rodbank X 221.932 
677. [STATE] rodbank X 222.045 
678. [STATE] rodbank X 222.158 
679. [STATE] rodbank X 222.271 
680. [STATE] rodbank X 222.384 
681. [STATE] rodbank X 222.497 
682. [STATE] rodbank X 222.61 
683. [STATE] rodbank X 222.723 
684. [STATE] rodbank X 222.836 
685. [STATE] rodbank X 222.949 
686. [STATE] rodbank X 223.062 
687. [STATE] rodbank X 223.175 
688. [STATE] rodbank X 223.288 
689. [STATE] rodbank X 223.401 
690. [STATE] rodbank X 223.514 
691. [STATE] rodbank X 223.627 
692. [STATE] rodbank X 223.74 
693. [STATE] rodbank X 223.853 
694. [STATE] rodbank X 223.966 
695. [STATE] rodbank X 224.079 
696. [STATE] rodbank X 224.192 
697. [STATE] rodbank X 224.305 
698. [STATE] rodbank X 224.418 
699. [STATE] rodbank X 224.531 
700. [STATE] rodbank X 224.644 
701. [STATE] rodbank X 224.757 
702. [STATE] rodbank X 224.87 
703. [STATE] rodbank X 224.983 
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704. [STATE] rodbank X 225.096 
705. [STATE] rodbank X 225.209 
706. [STATE] rodbank X 225.322 
707. [STATE] rodbank X 225.435 
708. [STATE] rodbank X 225.548 
709. [STATE] rodbank X 225.661 
710. [STATE] rodbank X 225.774 
711. [STATE] rodbank X 225.887 
712. [STATE] rodbank X 226 
713.   
714. [MPACT] 
715.   delayenergy true 
716.   transmethod theta 0.5 
717.   prompt true 
718.   accel true 
719.   timestep 0.0025 0.0025 5.0 
720.   perturb 0.0  0.5 0.0025  stcg 1 1 1 
721.           0.5  1.0 0.001   stcg 1 1 1 
722.           1.0  2.0 0.0025 const 1 1 1 
723.           2.0  3.0 0.005  const 1 1 1 
724.           3.0  4.0 0.01   const 1 1 1 
725.           4.0  5.0 0.025  const 1 1 1 
726.   

 

 

 



 

 

APPENDIX B.  OLD VERA INPUT FOR LOSS OF FLOW 

 



 

 

APPENDIX B. OLD VERA INPUT FOR LOSS OF FLOW 

1. [STATE] 
2.   tinlet 536.2 F 
3.   modden .72437 
4.   power 100.0 
5.   bypass 5.6 
6.   sym qtr 
7.   feedback on 
8.   thexp on 
9.   thexp_tmod 585 K 
10.   thexp_tclad 600 K 
11.   thexp_tfuel 900 K 
12.   search keff 
13.   boron 1632.340 
14.   rodbank  A 229 
15.            B 229 
16.            C 229 
17.            D 229 
18.           SA 229 
19.           SB 229 
20.   scram_type trip 181.77 2.825 
21.   scram_lock A B C D 
22.   trip_time 3.9 
23.   pressure 2250.00; flow 100.00 
24. [STATE] pressure 2246.40; flow 93.79 
25. [STATE] pressure 2250.00; flow 89.38 
26. [STATE] pressure 2250.00; flow 86.04 
27. [STATE] pressure 2250.00; flow 83.55 
28. [STATE] pressure 2250.00; flow 81.63 
29. [STATE] pressure 2250.00; flow 80.10 
30. [STATE] pressure 2250.00; flow 78.82 
31. [STATE] pressure 2250.00; flow 77.73 
32. [STATE] pressure 2250.00; flow 76.69 
33. [STATE] pressure 2250.00; flow 75.86 
34. [STATE] pressure 2250.00; flow 74.98 
35. [STATE] pressure 2250.00; flow 74.15 
36. [STATE] pressure 2250.00; flow 73.20 
37. [STATE] pressure 2250.00; flow 72.19 
38. [STATE] pressure 2250.00; flow 71.15 
39. [STATE] pressure 2250.00; flow 70.03 
40. [STATE] pressure 2250.00; flow 68.89 
41. [STATE] pressure 2250.00; flow 67.82 
42. [STATE] pressure 2250.00; flow 66.77 
43. [STATE] pressure 2250.00; flow 65.74 
44. [STATE] pressure 2250.00; flow 64.70 
45. [STATE] pressure 2250.00; flow 63.69 
46. [STATE] pressure 2250.00; flow 62.70 
47. [STATE] pressure 2250.00; flow 61.74 
48. [STATE] pressure 2250.00; flow 60.82 
49. [STATE] pressure 2250.00; flow 59.95 
50. [STATE] pressure 2250.00; flow 59.14 
51. [STATE] pressure 2250.00; flow 58.39 
52. [STATE] pressure 2250.00; flow 57.69 
53. [STATE] pressure 2250.00; flow 57.08 
54. [STATE] pressure 2250.00; flow 56.53 
55. [STATE] pressure 2250.00; flow 56.02 
56. [STATE] pressure 2250.00; flow 55.53 
57. [STATE] pressure 2250.00; flow 55.05 
58. [STATE] pressure 2250.00; flow 54.56 
59. [STATE] pressure 2250.00; flow 54.13 
60. [STATE] pressure 2250.00; flow 53.64 
61. [STATE] pressure 2250.00; flow 53.13 



 

 

62. [STATE] pressure 2250.00; flow 52.62 
63. [STATE] pressure 2250.00; flow 52.12 
64. [STATE] pressure 2250.00; flow 51.65 
65. [STATE] pressure 2250.00; flow 51.21 
66. [STATE] pressure 2250.00; flow 50.81 
67. [STATE] pressure 2250.00; flow 50.45 
68. [STATE] pressure 2250.00; flow 50.12 
69. [STATE] pressure 2250.00; flow 49.80 
70. [STATE] pressure 2250.00; flow 49.50 
71. [STATE] pressure 2250.00; flow 49.21 
72. [STATE] pressure 2250.00; flow 48.89 
73. [STATE] pressure 2250.00; flow 48.55 
74. [STATE] pressure 2250.00; flow 48.20 
75. [STATE] pressure 2250.00; flow 47.83 
76. [STATE] pressure 2250.00; flow 47.45 
77. [STATE] pressure 2250.00; flow 47.09 
78. [STATE] pressure 2250.00; flow 46.73 
79. [STATE] pressure 2250.00; flow 46.39 
80. [STATE] pressure 2250.00; flow 46.06 
81. [STATE] pressure 2250.00; flow 45.77 
82. [STATE] pressure 2250.00; flow 45.50 
83. [STATE] pressure 2250.00; flow 45.23 
84. [STATE] pressure 2250.00; flow 44.96 
85. [STATE] pressure 2250.00; flow 44.70 
86. [STATE] pressure 2250.00; flow 44.43 
87. [STATE] pressure 2250.00; flow 44.16 
88. [STATE] pressure 2250.00; flow 43.87 
89. [STATE] pressure 2250.00; flow 43.58 
90. [STATE] pressure 2250.00; flow 43.27 
91. [STATE] pressure 2250.00; flow 42.99 
92. [STATE] pressure 2250.00; flow 42.69 
93. [STATE] pressure 2250.00; flow 42.43 
94. [STATE] pressure 2250.00; flow 42.16 
95. [STATE] pressure 2248.65; flow 41.90 
96. [STATE] pressure 2243.93; flow 41.65 
97. [STATE] pressure 2238.75; flow 41.40 
98. [STATE] pressure 2233.58; flow 41.13 
99. [STATE] pressure 2230.20; flow 40.88 
100. [STATE] pressure 2225.25; flow 40.68 
101. [STATE] pressure 2220.30; flow 40.42 
102. [STATE] pressure 2216.93; flow 40.12 
103. [STATE] pressure 2215.58; flow 39.83 
104. [STATE] pressure 2214.90; flow 39.59 
105. [STATE] pressure 2214.23; flow 39.36 
106. [STATE] pressure 2213.33; flow 39.14 
107. [STATE] pressure 2212.43; flow 38.90 
108. [STATE] pressure 2212.43; flow 38.65 
109. [STATE] pressure 2212.43; flow 38.43 
110. [STATE] pressure 2211.75; flow 38.24 
111. [STATE] pressure 2210.40; flow 38.05 
112. [STATE] pressure 2208.60; flow 37.85 
113. [STATE] pressure 2206.35; flow 37.64 
114. [STATE] pressure 2204.33; flow 37.43 
115. [STATE] pressure 2202.30; flow 37.22 
116. [STATE] pressure 2200.05; flow 37.02 
117. [STATE] pressure 2198.03; flow 36.82 
118. [STATE] pressure 2196.00; flow 36.61 
119. [STATE] pressure 2194.43; flow 36.40 
120. [STATE] pressure 2193.08; flow 36.17 
121. [STATE] pressure 2191.95; flow 35.98 
122. [STATE] pressure 2190.60; flow 35.78 
123. [STATE] pressure 2189.48; flow 35.58 
124.   
125. [MPACT] 
126.   prompt true 



 

 

127.   accel true 
128.   transmethod theta 1.0 
129.   timestep 0.10 0.0001 10.0 
130.   perturb 0.0 10.0 0.1 stcg 1 1 2 
131.   

  



 

 

 

 

APPENDIX C.  NEW VERA INPUT FOR EXACT LOSS OF FLOW 



 

 

APPENDIX C. NEW VERA INPUT FOR EXACT LOSS OF FLOW 

1. [STATE] 
2.   tinlet 536.2 F 
3.   modden .72437 
4.   power 100.0 
5.   bypass 5.6 
6.   sym qtr 
7.   feedback on 
8.   thexp on 
9.   thexp_tmod 585 K 
10.   thexp_tclad 600 K 
11.   thexp_tfuel 900 K 
12.   search keff 
13.   boron 1632.340 
14.   rodbank  A 229 
15.            B 229 
16.            C 229 
17.            D 229 
18.           SA 229 
19.           SB 229 
20.   scram_type trip 181.77 2.825 
21.   scram_lock A B C D 
22.   trip_time 3.9 
23.   pressure 2250.00; flow 100.00 
24.   
25. [MPACT] 
26.   transmethod theta 1.0 
27.   
28. [TRANSIENT] 
29.   transient_time 10.0 
30.   timestep 0.1 10.0 
31.   linear_ramp pressure 2246.40 0.1 
32.           2250.00 0.2 
33.           2250.00 7.1 
34.           2248.65 7.2 
35.           2243.93 7.3 
36.           2238.75 7.4 
37.           2233.58 7.5 
38.           2230.20 7.6 
39.           2225.25 7.7 
40.           2220.30 7.8 
41.           2216.93 7.9 
42.           2215.58 8.0 
43.           2214.90 8.1 
44.           2214.23 8.2 
45.           2213.33 8.3 
46.           2212.43 8.4 
47.           2212.43 8.5 
48.           2212.43 8.6 
49.           2211.75 8.7 
50.           2210.40 8.8 
51.           2208.60 8.9 
52.           2206.35 9.0 
53.           2204.33 9.1 
54.           2202.30 9.2 
55.           2200.05 9.3 
56.           2198.03 9.4 
57.           2196.00 9.5 
58.           2194.43 9.6 
59.           2193.08 9.7 
60.           2191.95 9.8 
61.           2190.60 9.9 



 

 

62.           2189.48 10.0 
63.   linear_ramp 93.79 0.1 
64.           89.38 0.2 
65.           86.04 0.3 
66.           83.55 0.4 
67.           81.63 0.5 
68.           80.10 0.6 
69.           78.82 0.7 
70.           77.73 0.8 
71.           76.69 0.9 
72.           75.86 1.0 
73.           74.98 1.1 
74.           74.15 1.2 
75.           73.20 1.3 
76.           72.19 1.4 
77.           71.15 1.5 
78.           70.03 1.6 
79.           68.89 1.7 
80.           67.82 1.8 
81.           66.77 1.9 
82.           65.74 2.0 
83.           64.70 2.1 
84.           63.69 2.2 
85.           62.70 2.3 
86.           61.74 2.4 
87.           60.82 2.5 
88.           59.95 2.6 
89.           59.14 2.7 
90.           58.39 2.8      
91.           57.69 2.9 
92.           57.08 3.0 
93.           56.53 3.1 
94.           56.02 3.2 
95.           55.53 3.3 
96.           55.05 3.4 
97.           54.56 3.5 
98.           54.13 3.6 
99.           53.64 3.7 
100.           53.13 3.8 
101.           52.62 3.9 
102.           52.12 4.0 
103.           51.65 4.1 
104.           51.21 4.2 
105.           50.81 4.3 
106.           50.45 4.4 
107.           50.12 4.5 
108.           49.80 4.6 
109.           49.50 4.7 
110.           49.21 4.8 
111.           48.89 4.9 
112.           48.55 5.0 
113.           48.20 5.1 
114.           47.83 5.2 
115.           47.45 5.3 
116.           47.09 5.4 
117.           46.73 5.5 
118.           46.39 5.6 
119.           46.06 5.7 
120.           45.77 5.8 
121.           45.50 5.9 
122.           45.23 6.0 
123.           44.96 6.1 
124.           44.70 6.2 
125.           44.43 6.3           44.16 6.4 
126.           43.87 6.5 



 

 

127.           43.58 6.6 
128.           43.27 6.7 
129.           42.99 6.8 
130.           42.69 6.9 
131.           42.43 7.0 
132.           42.16 7.1 
133.           41.90 7.2 
134.           41.65 7.3 
135.           41.40 7.4 
136.           41.13 7.5 
137.           40.88 7.6 
138.           40.68 7.7 
139.           40.42 7.8 
140.           40.12 7.9 
141.           39.83 8.0 
142.           39.59 8.1 
143.           39.36 8.2 
144.           39.14 8.3 
145.           38.90 8.4 
146.           38.65 8.5 
147.           38.43 8.6 
148.           38.24 8.7 
149.           38.05 8.8 
150.           37.85 8.9 
151.           37.64 9.0 
152.           37.43 9.1 
153.           37.22 9.2 
154.           37.02 9.3 
155.           36.82 9.4 
156.           36.61 9.5 
157.           36.40 9.6 
158.           36.17 9.7 
159.           35.98 9.8 
160.           35.78 9.9 
161.           35.58 10.0 
162.   scram_type trip 181.77 2.825 
163.   scram_lock A B C D 
164.   trip_time 3.9 
165.   

 


